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INTRODUCTION 

The c u r r e n t l y  accepted value of the  0-F bond energy (-45 kcal/mole) i s  calcu- 
l a t e d  Srom the standard hea t  of formation of OF2 (+7.6 kcallmole) which was based 
on an average of three  values  obtained i n  1930, (5,6) the  prec is ion  of which was 
qui te  poor. 
0-F bond energy, the  heat  of reac t ion  of t he  following system was measured: 

To determine a more r e l i a b l e  heat of formation of OF2 and thus a b e t t e r  

OF2 + 2H2 +€I20 + WF ( i n f i n i t e  d i l u t i o n )  

EXPERIMENTAL 
P 
2 MATERIALS '\ 
' I  

1 , 
The OF2 was obtained from the  A l l i e d  Chemical Company. An assay found it t o  

be g r e a t e r  than 99 percent pure. Active f l u o r i d e  was analyzed by an iodometric 
method. 
SiF4 w a s  not  de tec tab le .  

By an i n f r a r e d  a n a l y s i s  0.22 percent  C02 and 0.02 percent  CFb were found; 

1 
The hydrogen w a s  a p r e p u r i f i e d  grade obtained from the  Matheson Company. 

'3 '. APPARATUS AND PROCEDURE 

The thermochemical measurements were made using a Par r  f l u o r i n e  combustion 
x. bomb and a Bureau of Standards calor imeter .  The bomb cyl inder  and a l l  i n t e r n a l  

' to  r e t a i n  the OF sample. The ampoule apparatus reduced t h e  i n t e r n a l  volume of the  ' p a r t s  of the  bomb were monel. 

bomb t o  315 cc. 2A diagram of the  ampoule i s  given i n  Fig. 1 and 2. 

The i n t e r n a l  volume of the  ampoule w a s  found t o  be 8.7 cc. 

A monel ampoule was f i t t e d  i n t o  t h e  t o p  of the  bomb 

', 
I ' 

\Q 

A ' 

The top  of the  
cy l inder  body and the cy l inder  head were designed with a 30-degree anguler s e a t  t o  
accommodate a 112-inch monel b u r s t  diaphragm. 
bamb, was designed t o  rupture  t h e  b u r s t  diaphragm i n  the  ampoule. 
of' a p i s t o n  with a k n i f e l i k e  wedge head (Fig. 3 )  and a s m a l l  spr ing  made from spring-  

A mechanism, which f i t s  i n s ide  the  
This  consis ted 

The p is ton  and spr ing  were he ld  i n  a compressed pos i t ion  by ' tempered monel wire. 
n nickel-chromium a l l o y  fuse wire of known c a l o r i f i c  value,  which w a s  s t r u n g  between 

' t h e  two i n t e r n a l  e lec t rodes  i n  t h e  bomb. A pinpoint  breaker was a l s o  t r i e d ,  however, 
because it merely punctured a small hole  i n  the  diaphragm, it increased  the  chance of 
obtaining incomplete combustion and was unsa t i s fac tory .  

,' , 

\ The OF2 sample was condensed i n  the  ampoule which was then a t tached  t o  t h e  bomb 
head. 

h t h  hydrogen ( - [> .O ps ig )  and sealed. 
i n t o  the  hydrogen by e l e c t r i c a l l y  fus ing  the  nickel-chromium a l l o y  wire. 
l eased  the  p is ton  which ruptured the  diaphragm and allowed the  r e a c t a n t  gases t o  mix. 
Combustion occurred rap id ly  and completely; the temperature r i s e  of t h e  calor imeter  

F i f t y  ml of water were placed i n  t h e  bomb t o  absorb the  H F  formed during 
' r e a c t i o n  and thus reduce corrosion.  The reac t ion  bomb w a s  assembled, pressurized 

To start the  reac t ion  the  sample w a s  re leased 
This re-  

Y 
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was measured by means of a platinum r e s i s t a n c r  thermometer constructed and cali- 
brated by the  k e d s  and Nortnrup Company. The thermometer, 01' t h e  f'our-LeaJ cable  
Lype, w a s  USCG i n  conjunction wi th  a k e d s  and Northrup G-2  Mueltcr 131-idge a n d  ti. 
high sensj t i v i t y  galvanometer. 

DirKinson's method w a s  employed i n  order  to  obta in  t h e  cor rec ted  res i s tance  
change ( 1 ) .  

To check t h e  mass balance of' t h e  reac t ion ,  the  reac t ion  products were analyzed 
a i t e r  each run by a thorium n i t r a t e  method f o r  f l u o r i d e  and by a sodium hydroxide 
t i t r a t i o n  for hydrogen ions.  

The analyses  were wi th in  experimental error, but were always lower than s t o i -  
chiometric f'or each OF2-H run. 
counted for was consumed an the  slight corrosion of t h e  s t a i n l e s s - s t e e l  screw 
heads i n  the  ampoule. Q u a l i t a t i v e  analysis of t h e  screw heads d i d  show t h e  cor- 
roded f i l m  on the  screws w a s  t h e  metal f luor ides .  The necessary thermal correc-  
t i o n s  were made on the d a t a  Yor t h i s  s i d e  reac t ion ,  which amounted t o  the forma- 
t i o n  01' roughly 0.0015 mole of' i r o n  and chromium f luor ides .  
check, a OF2-H2 run w a s  made with t h e  s t a i n l e s s - s t e e l  screws rep laced  by nickel-  
p la ted  s t e e l  screws. No cor ros ion  was found with t h e  new screws and t h e  hea t  of 
reac t ion  agreed, within experimental e r r o r ,  with the  r e s u l t s  which had been 
cor rec ted  f o r  the  small amount of corrosion. 

It was bel ieved the approximate 5% of' HF unac- 

A s  an a d d i t i o n a l  

C ALJ BRATI ON 

The energy equiva len t  of t h e  ca lor imeter  w a s  determined by burning National 
Bureau 01' Standards Sample 39h benzoic acid.  I t s  h e a t  of' combustion per  gram 
under s tandard condi t ions a t  25' was repor ted  as 26,434 abs. j/g mass (weight i n  
vacuo) with an es t imated uncer ta in ty  of *3j/g. This  value w a s  converted ( 3 )  Lo 
t h e  bomb condi t ions used throughout t h i s  i n v e s t i g a t i o n  and found t o  be 2 6 , 4 ~ . 0  
abs. J/g. 

I n  a s e r i e s  of f i v e  c a l i b r a t i o n  determinations, t h e  mean energy equivalent  
for t h e  system was 48,533.4 i6.5 calories/ohm. 

RESULTS AND CALCULATIONS 

The d a t a  are r e f e r r e d  t o  a s tandard temperature of 25'. The energy u n i t  used 
i s  the c a l o r i e  which is def ined  as equal t o  4.1840 absolu te  joules .  

The quant i ty  of hea t  observed during t h e  reac t ion ,  Q, w a s  c a l c u l a t e d  from 
equation (1) : 

where E, i s  the  energy equiva len t  of' the  calor imeter ;  be2 i s  a cor rec t ion  f o r  
deviat ions from t h e  s tandard ca lor imeter  system and was computed from t h e  h e a t  
c a p a c i t i e s  ol' OF2, H2, and H20; and ARC i s  t h e  cor rec ted  temperature rise. 
value of t h e  hea t  capaci ty  of OF2 was taken as 10.35 cal/deg-mole (2) .  

B = ( E s  + A R C  (1) 

The 

'$he h e a t  of r e a c t i o n  per  mole i n  the thermodynamic s tandard bomb process, 

where q1 includes cor rec t ions  ?or nonidea l i ty  of t h e  r e a c t a n t  gases, condensation 
of water i n  t h e  vapor phase, and h e a t  of d i l u t i o n  of t h e  €IF s o l u t i o n  t o  i n f i n i t e  

AERJ was ca lcu la tgd  for each experiment from equat ion ( 2 ) :  
- A% = (Q-9l-q ( 2 )  

d i l u t i o n ;  q2 i s  t h e  energy suppl ied by t h e  cor ros ion  of t h e  screw heads; and n is 
the  number of moles of OF2. This  va lue  w a s  reduced t o  the s tandard h e a t  of' reac- 

from A E R  was done i n  two s teps :  0 0 
R 

Heats of' reac t ion  at 2 8 O C  were c a l c u l a t e d  f'rom t h c  energy of' r e a c t i o n  

\ t i on  a t  25OC. 

a )  

The c a l c u l a t i o n  of A H  
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0 us ing  t h e  thermoclynamic equat ion AHR = AF$ + AnRT where A n  i s  t h c  
change i n  the  number of moles of' gaseous substances during Lwiction. 

Heat8 of react ion at 2J°C were ca lcu la ted  from t h e  equat ion 
AHR (296.16%) = AHH (301.16%) + 4 C  (298.16-301.16) where A C  is 

t h e  d i f fe rence  i n  t h e  hea t  capac i ty  at  cgns tan t  prL.,* -cure of' t h e  products 
and reac tan ts .  

t )  
P 

The r e s u l t s  of t h e  experiments with OF2-H2 are given i n  TabSe I .  

The average value of' A HR f o r  OF;:-H2 i s  ZX..gj  t0.76 kcal/mole. 
0 

DISCUSSION 

B a s e d  on t h e  measured vchiie of' t h e  standard hea t  evolved from t h e  reac t ion :  

OF2 ( e )  + 2Hp (g)-H20 ( I )  + 2HF ( i n f i n i t e  d i l u t i o n )  

and combined with e x i s t i n g  thermodynamic data ( 4 )  lhe r a l c u l a t e d  s tandard hea t  of 
f'ormation, A I$, of OF2 ( g )  is -4.140 *0.82 kcal/mole. 

The uncer ta in ty  in t h e  h e a t  of formation w a s  ca lcu la ted  by t ak ing  t h e  square 
r o o t  of' sum of t h e  squares of t h e  prec is ion  e r r o r ,  t h e  accuracy error, and t h e  
caLibra t ion  error. The p r e c i s i o n  error r e f l e c t s  t h e  r e p r o d u c i b i l i t y  of the exper- 
iments a n d  w a s  taken as twice the  s tandard deviat ion.  The accuracy e r r o r  w a s  ob- 
t a i n e d  by es t imat ing  t h e  e f f e c t  of t h e  var ious f a c t o r s  on t h e  reac t ion  (such as 
p u r i t y  o f  reac tan t .  and l i m i t s  of error involved i n  t h e  analyses) .  

The hea t  of formation v a l u e ,  comhined with the  most r e c e n t  bond d i s s o c i a t i o n  
energ ies  f o r  f l u o r i n e  and oxyqen as l i s t e d  i n  the  .JANAF thermochemical t a b l e s  (2) ,  
y t e l d s  a value of -50.8 kca l  for t h e  0-F bond energy i n  OF2. 
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